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INTRODUCTION 
The number of days from calving to conception (days 
open) has an impact on how much a cow will produce. Cows 
that are open longer produce more milk. Two measures of 
days open were examined in this study--previous days open 
and present days open. To understand the difference be­
tween these two measures, consider the following example. 
A three year old cow has just completed her second lacta­
tion. She was open 75 days during her first lactation and 
100 days during her second lactation. When considering 
her second lactation production, previous days open refers 
to the 75 days she was open in lactation one and present 
days open refers to the 100 days she was open in lactation 
two. Considering previous days open addresses the question: 
"Does reproduction in the previous lactation have an 
effect on present lactation yield?" 
The length of dry period also affects how much a cow 
will produce the next lactation. This effect will be 
referred to as previous days dry. If the above cow had a 
dry period of 60 days between her first and second lacta­
tion, her previous days dry for lactation two would be 60 
days. 
To maximize genetic progress, environmental influences 
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which limit the accuracy of selection neeçL to be eliminated, 
if possible. Adjusting for environmental influences on 
milk records improves genetic evaluations of cows. 
Examples of genetic evaluations are the United States 
Department of Agriculture (USDA) cow index and the Mid-
States Estimated Average Transmitting Ability (EATA). By 
eliminating known environmental effects, the remaining 
difference between cows is a better reflection of the true 
genetic difference. 
The purpose of this study was to jointly examine 
what influence previous days open, previous days dry, and 
present days open have on measures of lactation production. 
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REVIEW OF LITERATURE 
Days Open Present Lactation 
Effects of days open on milk yield have been examined 
by many. Smith and Legates (1962) found that days open 
had a significant impact on 305-day milk yield, accounting 
for 6.5%, 4.3%, and 4.2% of the variance in first, second 
and later, and all lactation records which had been 
adjusted for age. Wilton et al. (1967). observed that days 
open explained 4.5% of the variation in milk production in 
first lactations. Olds et al. (1979) reported that each 
additional day open resulted in 4.5 kg more 305-day milk. 
Differences in first parity production for cows open 40 
versus 160 days has been found to be 1080 kg (Schaeffer and 
Henderson, 1972), 886 kg (Oltenacu et al., 1980), 810 kg 
(Thompson et al., 1982), 720 kg (Auran, 1974), and 600 kg 
(Smith and Legates, 1962). 
A positive correlation between days open and cumu­
lative milk yield is apparent, but the cause and effect 
relationship remains unclear. Schaeffer and Henderson 
(1972) point this out by asking the question: 
"Do cows produce poorly due to short open 
periods, or do low producing cows receive 
short open periods because they milk little?" 
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The relationship between level of milk yield and 
fertility encompasses a complex set of physiological, 
management, and other environmental factors. Smith and 
Legates (1962) analyzed 1314 first lactation records and 
3071 second and later lactation records for a total of 
4385 lactation records. They found that intra-herd-year-
season phenotypic correlations between 90-day milk and 
milkfat yield were small (.05 to .08). Slama et al. (1976) 
analyzed 696 calving intervals on 370 cows from four breeds 
in the Oklahoma State University herd. Level of early 
lactation milk yield had no significant effect on changing 
the average calving interval for any of the four breeds. 
This was, however, a single herd study with a rather small 
number of observations. 
Some studies have found that high producing cows come 
into first estrus after calving later than low producing 
cows. Whitmore et al. (1974) analyzed 393 calving intervals 
from 168 Holstein cows. Cows were split into high and low 
genetic merit groups. High genetic merit cows came into 
first estrus later than low producing cows. Marion and 
Gier (1968) divided 250 Kansas State University cows into 
low, medium, and high production groups. Average days to 
first estrus were 28.4, 33.1, and 36.9 days for cows in 
the low, medium, and high production group. Morrow et al. 
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(1966) indicate that high producing cows show more silent 
or mild estrus periods than low producing cows. Carmen 
(1955) analyzed 1646 lactation records from 763 Holstein 
cows and found little relationship between days to first 
estrus and production. The cows in this study, however, 
were undoubtedly of lower genetic merit than the average 
cow of today. Management practices have also changed much 
over the years. Equating these results to the present 
cow population may be invalid. Management decisions by a 
dairyman as to when he breeds his high versus low producers 
could have a large impact on days open. A study of 72, 187 
records from 201 California dairy herds by Berger et al. 
(1981) classified herds into two general breeding management 
programs. In one, herd managers indicated they practiced 
no discrimination in time after calving a normal cow was 
bred, whereas in the second, herds might vary this time 
for many reasons other than the cow being normal. Although 
herds where breeding might be delayed had a slightly longer 
period to first breeding (90.5 versus 88.1 days), this 
difference had all but disappeared when considering days to 
last breeding (136.6 versus 135.8 days). Berger et al. 
(1981) found only a small phenotypic correlation (.04) 
between 60-day milk yield and days to first breeding, in­
dicating these dairymen paid little attention to milk yield 
when breeding was initiated. 
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Heritability estimates for days open have consistently 
been less than 10% (Carmen, 1955; Smith and Legates, 1962; 
Schaeffer and Henderson, 1972; Berger et al., 1981; Hansen 
et al., 1983b). The higher heritability estimates were 
obtained for cows that had completed at least two lactations 
and in part may be biased due to cow selectivity. Laben 
et al. (1982) found that over 90% of the variance of days open 
was unexplained by fitting a model of herd-year season, 
parity, and 180-day milk. These results indicate that there is 
very little additive genetic variance associated with days 
open. 
Some studies have found a positive genetic correlation 
between days open and milk yield (Everett et al., 1966; 
Krageland et al., 1979). Genetic correlations of 305-day 
yield with days open in first, second, and third parities 
were reported to be .34, .31, and .20 by Hansen et al. 
(1983b) and .62, .15, and .18 by Berger et al. (1981). 
Although rather large genetic correlations between yield 
and fertility have been reported, Hansen (1981) found the 
corresponding phenotypic correlations to be much lower. 
Everett et al. (1966) reported that phenotypic correlations 
between yield and fertility were near zero. Older studies 
(Gaines, 1927; Boyd et al., 1954; Touchberry et al., 1959) 
also found basically no phenotypic relationships between 
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yield and fertility. Despite obvious changes in the cow 
population over the years, the phenotypic relationship 
between yield and fertility has consistently been very small 
or zero. 
Everett et al. (1966) analyzed 10,907 Hoistein records 
and 10, 537 Guernsey records from a large California dairy 
herd. They observed that the regressions of breeding 
efficiency (i.e. calving interval, days open, parturition 
to first breeding, first breeding to conception, and 
services per conception) on 120-day production were 
slightly negative, although the regressions were non­
significant. The genetic correlations between 120-day 
production and breeding efficiency, however, were positive. 
Everett et al. (1966) concluded that in this herd, the 
high-producing cows had received a better environment for 
breeding efficiency than low-producing cows. Laben et al. 
(1982) evaluated 201 California herds and observed a 
detectable antagonism between yield and reproductive per­
formance within a herd. Despite this antagonism, the high-
producing herds still had significantly shorter average 
open periods than herds of much lower production. They 
concluded that good management can effectively overcome the 
small antagonistic relationship between yield and fertility. 
Good fertility management has been stressed by other 
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researchers as well. Barr (1975) and Slama et al. (1976) 
reported that missed estrus periods were the major 
contributor to days open in dairy herds. 
Results by Schaeffer and Henderson (1972), Bar-Anan and 
Soller (1979) and Thompson et al. (1982) indicate that 
(present) days open affects 305-day yield in a curvilinear 
fashion. Yields are particularly reduced for cows open 
less than 100 days. Yields continue to increase for cows 
open greater than 100 days, but at a decreasing rate. 
The relationship between days open and 305-day yield 
may also be dependent on parity. Ripley et al. (1970), 
Auran (1974), Oltenacu et al. (1980), and Thompson et al. 
(1982) noticed that first parity yields were less affected 
by days open than later parity yields, particularly in the 
later part of the lactation. Auran (1974) and Thompson 
et al. (1982) attribute this difference to greater per­
sistency in first parity cows. Auran (1974) also suggests 
that first parity cows may have a greater resistance 
against the depression of pregnancy. Schaeffer and 
Henderson (1972), however, observed that the influence of 
days open on yield was greater for first lactation than for 
later lactations. This was mostly due to the severely 
adverse affect short days open had on first parity yield 
compared to later parity yield. Their results were in 
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agreement, though, with those cited earlier which found 
that longer days open affected first parity yield less 
severely than later parity yield. These parity differences 
are most pronounced between first and second parity. 
Smith and Legates (1962), Schaeffer and Henderson (1972) , 
and Thompson et al. (1982) observed that the effect of days 
open on yield was basically the same for cows in their 
second or greater parity. 
Parity influence on the relationship between days open 
and yield would be more complex if the actual number of 
days open were confounded with parity (i.e. if older cows 
exhibited more days open). There is no observable tendency, 
however, for older cows to have longer days open (Smith 
and Legates, 1962; Berger et al., 1981). Thompson et al. 
(1982) reported that the average days open were 103, 101, 
and 102 days for the first three parities. 
Days Open Previous Lactation 
A positive, but small, relationship between the 
number of days open in successive lactations has been 
shown by several authors. Louca and Legates (1968) cal­
culated phenotypic correlations of successive days open 
as .08, .11, and .17 for first and second, second and 
third, and third and fourth parity. Hansen et al. (1983a) 
reported that repeatabilities of days open were .13 for 
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parities one and two and .16 for parities two and three. 
Hansen et al. (1983a) also calculated repeatabilities for 
other measures of fertility and found that repeatabilities 
were consistently higher for parities two and three than 
for parities one and two. They concluded that the possible 
effects of permanent environment become greater with age. 
Few studies have examined the relationship between 
days open in the previous lactation and yield in the sub­
sequent lactation. Bar-Anan and Soller (1979) analyzed 
54,834 Israeli lactation records and observed that yields 
in the following lactation increased linearly over the 
entire range of days open approximately 100 kg for each 
additional month a cow was open the previous lactation. 
Days Dry 
Cows with longer days open tend to have longer sub­
sequent dry periods. Louca and Legates (1968) reported 
phenotypic correlations between days open and subsequent 
days dry of .37, .41, and .40 for the first three parities. 
Bar-Anan and Soller (1979) found that days dry increased 
by about .11 day for every additional day a cow was open. 
Correlations between previous days dry and present days 
open, however, have generally been reported as being 
quite small, ranging from -.05 to .07 (Smith and Legates, 
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1962; Wilton et al., 1967; Louca and Legates, 1968; and 
Schaeffer and Henderson, 1972). 
The length of dry period has been shown to have an 
influence on subsequent production. An early study by 
Sanders (1927) found that short dry periods were particular­
ly detrimental to subsequent production. Schaeffer and 
Henderson (1972) reported that dry periods of 50 to 59 days 
gave the highest average production in the subsequent lac­
tation, with both longer and shorter dry periods being 
about equally detrimental to production. Smith and 
Legates (1962) found the regression of days dry on yield to 
be positive, but pointed out that days dry accounted for 
less than one per cent of the variance in milk yield. Lee 
et al. (1961) observed that dry period did not affect 
subsequent production. The study by Lee et al. (1961), 
however, was conducted on institutional herds where all 
cows had dry periods of 40 to 60 days. Wilton et al. (1967) 
found that the length of dry period was most important 
prior to second lactation. The effect of days dry on 
later lactations was more negligible. They surmised that 
younger cows may need a longer dry period for growth and 
development. Dickerson (1940) and Smith and Legates (1962) 
observed a slight increase in days dry as age increased. 
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although Smith and Legates (1962) state that only a small 
per cent of the total variance (1.39%) is explained by 
the regression. 
Management decisions tend to control part of the 
differences in days dry, and consequently heritability 
estimates unbiased by management effects for days dry are 
difficult, if not impossible, to obtain. Schaeffer and 
Henderson (1972) obtained heritability estimates of .15, 
.33, and .34 for dry periods prior to second, third, and 
later lactations. Wilton et al. (1967) reported a pooled 
lactation estimate of heritability of .16. Schaeffer and 
Henderson (1972) calculated genetic correlations of days 
dry prior to second, third, and later lactations with 305-
day mature equivalent (ME) milk yield of -.18, -.41, and 
-.31. Schaeffer and Henderson (1972) also observed that 
high-producing cows received shorter dry periods than low-
producing cows and that cows which survived for another 
lactation were those with longer dry periods. They con­
cluded that dairymen milk their high-producing cows as 
long as possible, even though the short dry period after­
wards may lower subsequent lactation yield. Louca and 
Legates (1968) found that the correlation between days dry 
in successive lactations was essentially zero. 
13 
Adjusting Records 
A primary goal in dairy breeding is to maximize 
genetic improvement. One way to increase the rate of 
genetic improvement for milk production is to eliminate, or 
adjust for, effects which tend to limit the accuracy of 
selection. Days open appears to be one of these effects. 
The use of days open adjustment factors, therefore, has 
been advocated by many. Multiplicative adjustment factors 
have been calculated by Smith and Legates (1962) , Schaeffer 
and Henderson (1972), and Thompson et al. (1982). Additive 
adjustment factors were developed by Oltenacu et al. (1980). 
Miller (1973) points out that multiplicative factors 
usually have been preferred over additive adjustments be­
cause variance of milk records is closely related to herd 
average. Increases in production with days open tend to be 
greater in higher-producing herds. Additive adjustment 
factors have the disadvantage in that they vary with the 
production of the herd, whereas multiplicative factors do 
not vary with herd production. The additive factors pro­
posed by Oltenacu et al. (1980) avoid this variance dif­
ference problem to some extent since herds were split into 
high and low production and separate adjustment factors 
were calculated for the two herd types. 
Bar-Anan and Soller (1979) have advocated adjusting 
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milk record for annualized yield. Annualized yield is 
total lactation yield divided by calving interval multiplied 
by 365. Annualized yield is a measure that at least partly 
accounts for open period, as calving interval is largely 
determined by days open. Bar-Anan and Soller (1979) 
recommended using annualized yield for cows open less than 
90 days and days open adjusted records for longer open 
periods. Thompson et al. (1982) also examined the use of 
annualized yield as a method of adjusting for days open. 
Their results were similar to the results of Bar-Anan and 
Soller (1979) and indicated that annualized yield did a 
reasonable job of adjusting records for cows open less than 
90 days, but that annualized yield may overadjust for 
longer open periods, particularly cows open 180 days or 
more. 
Thompson et al. (1982) calculated days open adjustment 
factors using models including and not including summit 
production. Summit production is the average of the two 
highest of the first three test days, i.e., the days milk 
is recorded with samples taken to determine quality. They 
were attempting to evaluate the influence of days open on 
lactation production after part of the variation in early 
lactation yield was removed. Although solutions differed 
between models with and without summit production, the 
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effects of including simmit appeared to be lost in com­
puting multiplicative adjustment factors. They concluded 
that including a measure of early lactation production 
seemed unnecessary. 
Studies were undertaken by Schaeffer et al. (1973) 
and Thompson et al. (1982) to determine how sire evaluation 
would be affected by using days open adjusted records. 
Schaeffer et al. (1973) analyzed 1,140 sires before and 
after correcting daughter records for days open. They 
observed that the average change in bull evaluations was 
near zero, regardless of the number of daughters on a 
bull. In addition, adjustments for days open were 
essentially independent of the sire's genetic merit for milk 
production. Thompson et al. (1982) analyzed daughter 
records of 330 bulls used in greater than 10 herd-year-
seasons. Rank correlations among transmitting abilities 
for ME and days open adjusted records were .99. Trans­
mitting abilities for a majority of the bulls (88%) 
changed less than SO kg when conversion was from ME to 
days open adjusted records. Thompson et al. (1982) noted 
that the conversion from ME to days open adjusted records 
for sire evaluation would result in large changes in 
evaluation for only a few bulls. 
The study by Schaeffer et al. (1973) also examined the 
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influence of days open on milk production for each of the 
five major dairy breeds in the United States. Heritability 
estimates for days open were essentially zero for each of 
the breeds, which is in agreement with studies cited 
earlier. Breed solutions for days open varied by breed. 
This result would be expected due to the different pro­
duction levels of the five breeds. Multiplicative adjust­
ment factors for the five breeds, however, were not greatly 
different, especially considering that the sampling 
variances of the estimated differences were quite large 
except for Holsteins. They conclude that the practical 
solution is to use Holstein factors for all breeds in 
adjusting milk records for days open. 
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DESCRIPTION OF DATA 
Audit of Data 
Breeding receipts obtained from Eastern Artificial 
Insemination Cooperative (EAIC) were the source of 
fertility data needed to calculate days open. The data 
were made available by Dr. J. F. Keown of EAIC. The 
Cooperative provides artificial insemination (AI) for cows 
in the northeast United States. Breeding receipts are 
prepared by EAIC representatives for each cow after every 
insemination. All breeding receipts are collected and 
retained at EAIC headquarters in Ithaca, New York. 
Approximately 6,500,000 breeding receipts were available 
over the six year period of February 1, 1974 to January 
31, 1980. Breeding receipts were completely void from 
October through December 1977 and were partially missing 
for the months of July 1976, November 1976, and July 1977. 
Previous date of breeding is reported on the breeding 
receipts for cows bred a second or greater time. This 
information allowed for the retrieval of some of the miss­
ing data. 
Dairy Herd Improvement (DHI) milk production data were 
acquired from Northeast Regional Processing Center at 
Cornell University, Ithaca, New York. EAIC breeding 
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receipts were matched with DHI production information by 
Dr. R. W. Everett of Cornell University. The matching 
process resulted in approximately 3,200,000 matches. If 
less than 75% of the breeding receipts for a herd matched 
with DHI data, all records for that herd were omitted. The 
resulting matched file of milk production and fertility 
data obtained from Cornell University contained 607,822 
records. 
Further editing of the data was performed at Iowa 
State University by Dr. L. B. Hansen. Parity six and 
greater records were discarded. Limits were placed on 
birth and calving dates. Records of cows calving before 
May 1, 1973 or after August 31, 1980 were removed. Births 
prior to January 1, 1966 were not allowed in the data, 
as such cows would have been seven years old by May 1, 
1973. Cows were required to be at least 18 months of age 
at first calving. Lactation records of less than 180 days-
in-milk (DIM) were removed. Records from cows with in­
consistent sire identification were discarded. Duplicate 
records were eliminated. 
DHI records processed by the Northeast Regional 
Processing Center include monthly test-day information. 
Records were required to pass monthly test-day criteria to 
be included in the final data set. Test-day criteria were 
that the first test period could not occur after the 62nd 
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DIM, the third test period could not occur after the 120th 
DIM, and the llth test period could not occur before the 
180th DIM. The entire record was rejected if any monthly 
test-day information was missing. 
Lactations initiated by abortion were excluded. If a 
cow had multiple records, only those records failing the 
aforementioned audits were eliminated. All other records 
were retained. 
Cows calving after November 30, 1979 would not have 
had an equal opportunity to be bred, and therefore, the 
last record from these cows were excluded. Terminal 
records were retained only if breeding information was 
available on those records. The data editing performed 
by Dr. L. B. Hansen resulted in a data set containing 
285,955 records. 
Cow selectivity is a potential problem in data where 
cows have multiple lactation, as not all cows are given 
the same opportunity to have later lactations. First 
parity records are the least selected. All cows with 
multiple records were required to have a first parity 
record. Thus later records can be compared with first 
parity records which are less selected. Nonconsecutive 
lactations were eliminated. The resulting data set con­
tained 202,529 records from 84,356 cows in 2336 herds. 
20 
These records consisted of 84,356 first parity, 55,877 
second parity, 34,018 third parity, and 28,278 fourth and 
fifth parity records. 
Days Dry 
Length of preceding dry period was calculated for 
second through fifth parity records. The number of days 
between consecutive calving dates on a cow was determined. 
The number of days in the complete lactation of the 
earlier record was then subtracted from the calving date 
difference, yielding days dry. Over 99% of the dry periods 
were less than 180 days. Cows dry longer than 180 days 
were set equal to 180 days to limit uncommonly long dry 
periods. 
Days Open 
Calving interval is primarily dependent on days open, 
as gestation length varies little between cows. DeFries 
et al. (1959) found the standard deviation of gestation 
length was 5.0 days. Anderson and Plum (1965) reviewed 
16 studies of gestation length in Holstein cattle and re­
ported that the average gestation length was 280 days for 
cows and approximately 279 days for heifers. 
The last reported EAIC breeding date was used to 
determine days open. If more than 291 days existed 
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between last breeding date and subsequent calving date, 
another breeding was assigned by subtracting 280 days 
from the calving date. This may have accounted for some 
non-AI breedings. 
DHI records contain an entry for day of last breeding. 
This date was considered equivalent to a breeding receipt 
and consequently non-AI breedings may also have been un­
covered this way. Breeding dates before 25 days post-
calving were discarded. At least two days were required 
between breedings to be accepted as independent breedings. 
A judgement process developed by Laben et al. (1982) 
was used to determine days open for terminal records of 
cows. A cow was judged pregnant if the time from last 
reported breeding to the termination of the record was at 
least 69 days and not over 260 days. The 260-day limit 
was based on the reasoning that cows are usually dried-
off before day 260 of gestation to allow for a reasonable 
dry period. In addition, cows within three weeks of 
calving are normally kept in the herd to get the calves 
they are carrying. Cows with terminal records not meeting 
these criteria were considered open. Hansen (1981) compared 
heritability estimates and genetic correlations of yield 
and fertility data where terminal records were excluded 
and where terminal records were included using the 
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judgement process developed by Laben et al. (1982). Ex­
cluding terminal records made no discernable difference 
in the results of Hansen (1981). The decision was made to 
include terminal records in the present study. 
As with days dry, an upper bound (305 days) was set 
for days open to limit uncommonly long open periods. 
Yield 
All yield measures were standardized to 305-DIM. 
Lactation records were required to be at least 180-DIM. 
Incomplete lactations less than 305-DIM were extended using 
multiplicative factors from Eastwood (1967). Three 
measures of yield were considered; milk, milkfat, and fat-
corrected milk (FCM). FCM was developed by Gaines (1928) 
as a way of determining the energy value of milk. FCM 
may be a better measure of production stress on a cow than 
either milk or milkfat alone. Tyrrell and Reid (1965) 
found that FCM appropriately adjusted milk for energy 
value when milkfat percentage was in the range of three to 
six per cent. Since few Holsteins fall outside of this 
range, FCM probably does a suitable job of correctly milk 
yield for energy value. 
Factors from Norman et al. (1974) were used to 
express milk and milkfat yield measures on a mature 
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equivalent (ME) basis. ME factors are commonly used to 
remove much of the environmental variation in yield 
records due to age, season, and region. ME milk yield was 
used to calculate FCM. Consequently FCM is also expressed 
on a ME basis. 
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METHODS AND PROCEDURES 
Preliminary Model 
Research conducted on this same data set by Thompson 
et al. (1982) indicated that days open in the present 
lactation has a large impact on lactation yield. The 
question arose, "Do length of previous lactation days open 
and length of previous days dry also have an impact on 
lactation yield?" A preliminary analysis was conducted to 
investigate what influence first parity days open and days 
dry have on second parity yield. The model considered was: 
" VPl-" V [ 1 ] 
where 
i^jklm the actual 305-day second lactation milk 
yield record adjusted for days open using factors 
from Thompson et al. (1982); 
u is the underlying population mean; 
h^  is the fixed effect of the i— herd. Herd effects 
were absorbed; 
Sj is the fixed effect of the j— year-season. Three 
seasons per year were defined; December through April, 
May through August, and September through November; 
aj^  is the fixed effect of the k— age classification 
of the cow at the start of parity one. Age classes 
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were two month intervals from 20 months through 42 
months ; 
is the fixed effect of the 1— previous days open 
classification. Days open classes were 20 day in­
tervals from 20 through 279 days. An upper limit of 
280 days was assigned to cows open greater than 279 
days ; 
d^  is the fixed effect of the m$^  dry period. Dry 
periods were 10 day intervals from zero to 129 days 
dry. Cows dry longer than 129 days were placed in 
130 day classification; 
(ap)]^ l is the two way interaction of the fci- age 
class with the 1— days open class; 
e^ j^  ^is the random residual component affecting the 
1— cow. 
Multiparous Model 
Results from this preliminary analysis suggested that 
previous days open and previous days dry do have an in­
fluence on subsequent lactation yield. The interaction of 
age by days open, however, was not significant in this 
preliminary analysis. More sophisticated models were then 
developed to explore the relationship of yield with pre­
vious lactation days open, previous lactation days dry, 
and present lactation days open. 
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Not all COWS are given the opportunity to have later 
lactation records. Thus, second and greater parity records 
are made by selected cows. Previous studies which have 
examined the influence of days open on yield (Smith and 
Legates, 1962; Schaeffer and Henderson, 1972; Thompson 
et al. , 1982) have analyzed data separately by parities 
and have made no adjustment for cow selectivity in later 
parity records. A mixed-model (i.e. a model containing 
both fixed and random effects) was developed which 
utilized all records on cows. Incomplete repeatability 
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was accounted for by adding the ratio ae/ac to the di­
agonal element of each cow equation. Miller et al. (1970) 
and Henderson (1963) state that bias from selection on 
previous performance is eliminated by the addition of 
2 2 
ae/ac to the diagonal element of the normal equation for 
each cow. The model selected was: 
where 
i^jklmno  ^305-day milk, milkfat, or FCM record, 
all adjusted to an ME basis; 
u is the underlying population mean; 
hs^ j is the fixed effect of the j— year-season in 
the i— herd. As in model [1], seasons were 
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December through April, May through August, and 
September through November; 
p% is the fixed effect of the k— previous lactation 
days open period. Previous days open classes were 10 
day increments from 20 to 299 days, with cows open 
greater than 299 days combined into one 300 days open 
class; 
is the fixed effect of the 1— present lactation 
days open period. Classes were 10 day increments 
from 20 to 299 days, with cows open greater than 299 
days combined into one 300 days open class; 
d^  is the fixed effect of the m$^  previous dry period. 
Dry period classes were 10 day increments from zero 
to 179 days. All cows have dry periods greater than 
179 days were placed in the 180 days dry class; 
i^n the random effect of the n— cow in the i— 
herd; 
®ijklmno random residual component affecting 
the record from the n— cow. 
Previous days open and previous days dry always apply 
to the adjacent record on a cow, as used in these analyses. 
For example, a cow completing three lactations would have 
three equations: one each for her first, second, and third 
record. Each record would be coded for previous days 
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open, previous days dry, and present days open pertaining 
to that particular record. The first parity record would 
use days open lactation one for coding present days open. 
First parity records would not have previous days open or 
previous days dry, so nothing would be coded for these two 
effects. The second parity record would use days open 
lactation two for coding present days open, days open 
lactation one for coding previous days open, and days dry 
between lactations one and two for coding previous days 
dry. The third parity record would use days open lacta­
tion three for coding present days open, days open lacta­
tion two for coding previous days open, and days dry be­
tween lactations two and three for coding previous days 
dry. Thus, previous days dry and previous days open only 
pertain to the immediate preceding lactation and do not 
pertain to all preceding lactations. Table 1 is a 
diagrammatic representation of the foregoing example which 
may help visualize how the effects were coded. 
Table 1. Examples of coding previous days open (P), pre­
vious days dry (D), and present days open (Q) 
for a cow with three lactation records 
Lactation 
record 
Lactation where effect is observed 
0 D P 
1 1 ... _ _ _  
2 2 1 1 
3 3 2 2 
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Model [2] is appropriate for data containing both 
single and multiple records on cows, although at least a 
portion of the cows must have multiple records. If all 
cows had only single records, the cow component of [2] 
becomes the random residual component. The effects of 
previous days open, previous days dry, and present days 
open were fit simultaneously, which differs from previous 
work. 
First parity records were required on all cows. 
Requiring all cows to have a first parity record allowed 
for later parity records to be compared with more un-
selected first parity records. The data contained 84,356 
cows having first parity records. Of these cows, 55,877 
had second parity records. This total of 140,233 records 
were used in the analysis of parities one and two. Of 
those cows having second parity records, 34,018 had third 
parity records. These additional records were added to 
the data used in the analysis of parities one and two to 
form the 174,251 records used in the analysis of parities 
one, two, and three. Analyzing these data sets by [2] 
and comparing solutions indicate whether or not there are 
interactions between parity and previous days dry, pre­
vious days open, or present days open. 
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First Parity Model 
Model [2] was applied to second and greater parities. 
A separate analysis was conducted on first parity records 
to investigate the influence of present days open on yield 
and to see if these results differed from those of [2] 
using the full model. The model was the same as [2], but 
now the effects of previous days open, previous days dry, 
and cows were deleted. Each cow now only has one measure­
ment, so cow actually becomes the residual component of 
the model. The model is: 
where 
hs^ j and are again the effects due to herd-year-
seasons and present days open as in [2]. 
Comparing results from [2] and [3] indicated if days 
open in first parity cows affects yield differently than 
days open in later parity cows. 
Days Dry Models 
Many studies have calculated heritability estimates 
for days open, but relatively few studies have examined 
the heritability of days dry. Heritability estimates for 
days open were computed for this data by Hansen et al. 
(1983b), but they did not consider days dry. Schaeffer and 
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Henderson (1972) reported that cows milking the most had 
the shortest subsequent dry period; therefore, the decision 
was made to include level of milk production in the model. 
Heritability estimates in dairy cattle research are often 
calculated with paternal half-sib data. Since the 
heritability of milk production is about 25%, it was 
postulated that including level of milk production in the 
model would remove a large portion of the sire variance, 
thus distorting heritability estimates for days dry. 
Two models were thus considered; one included level 
of milk yield as a covariate while the other did not. The 
length of dry period after first parity was analyzed with 
the following models: 
i^jkl"**^ i^j*Sk+Bi (d-d)+$2 (d-d) ^+$3 (m-m)+6it (m-m) ^ 
[4] 
and 
i^jkl"**hrij +s%+6i (d-d) +$2 (d-d) [5] 
where 
is the number of days dry between first and 
second parity; 
hr^ j is the fixed effect of the j— year-season in 
the i— herd. These effects were absorbed; 
Sj, is the random effect of the k— sire; 
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61 is the partial linear regression coefficient for 
days open in first parity; 
62 is the partial quadratic regression coefficient 
for days open in first parity; 
63 is the partial linear regression coefficient for 
305-day ME FCM for first parity; 
Bit is the partial quadratic regression coefficient 
for 305-day ME FCM for first parity; 
d is the number of days open in first parity; 
m is 305-day ME FCM for first parity; 
e^ j^  ^is the random residual component affecting the 
1^  cow. 
The decision was made to initially analyze the dry 
period between first and second parity. When only one dry 
period per cow is considered, the analysis is much easier 
and less expensive to run, as cow effects per se are not 
included in the model. Sires were required to have 
daughters in 10 or more herds. This eliminated sire and 
herd confounding. The resulting data set contained 33,553 
records from 322 sires. 
Analyses 
Models [1], [3], [4], and [5] were analyzed using a 
least-squares analysis program written by Dr. J. R. 
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Thompson. This program uses Henderson Method III method­
ology (Henderson, 1953) and is patterned after Dr. W. R. 
Harvey's Least-Squares and Maximum Likelihood General 
Purpose Program (Harvey, 1969). Henderson Method III 
analyses are conducted by finding the reductions in sum 
of squares and crossproducts due to fitting a main model 
and sub-models thereof. Sums of squares for a particular 
effect are obtained by taking the difference between the 
reduction sum of squares for the main model and the re­
duction sum of squares for the sub-model which contains 
all model effects except the particular effect being con­
sidered. Details of such analyses are outlined by Harvey 
(1979). 
Considerable time was spent in developing a computer 
program to analyze model [2]. Model [2] is easier to 
discuss in matrix notation and can be represented as: 
Y=Xi Si+X2 $2 ••'Xs B 3+Xi» 3it+ZW+e [6] 
where 
Y is an nx3 matrix of n observations for each of the 
3 measures of yield; 
Xi is a known nxp incidence matrix for p fixed pre­
vious days open classes; 
X2 is a know nxq incidence matrix for q fixed 
present days open classes; 
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Xa is a known nxd incidence matrix for d fixed pre­
vious days dry classes; 
X4 is a known nxh incidence matrix for h fixed herd-
year-season classes; 
Z is a known nxc incidence matrix for c random cows; 
31 is an unknown vector of constant estimates for p 
previous days open classes; 
32 is an unknown vector of constant estimates for q 
present days open classes; 
63 is an unknown vector of constant estimates for d 
previous days dry classes; 
g If is an unknown vector of constant estimates for h 
herd-year-season classes; 
W is an unknown vector of predictors for c cows, 
assumed normally and independently distributed with 
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mean zero and variance lac; 
e is an unknown nx(p+q+d+h+c) matrix of random error, 
assumed normally and independently distributed with 
2 
mean zero and variance Roe. For this study, R was 
assumed equal to I. After premul tip lying by R, the 
equations for [6] are: 
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XiXi X 1 X 2  X 1 X 3  XiXit XiZ X^Y 
X2X1 X2X2 X2X3 xlxt X 2 Z  62 X z Y  
X 3 X 1  xlxz X3X3 X 3 X 4  X3Z 63 X s Y  
xlxi X4X2 X4X3 xZxt xjz $4 X^Y 
Z'Xi Z ' X z  Z " X s  Z'X* Z'Z+Ia W Z'Y 
[7] 
2 2 
where a = 0^ /0^ . The value of a was assumed to be 
13/12 based on repeatability of .48 for milk yield. The 
ratio a regresses cows performance and accounts for in­
complete repeatability of cows' lactation records. 
There was no particular need to obtain individual 
herd-year-season and cow solutions for [2], so these 
effects were absorbed. In addition absorption of cow and 
herd-year-season effects greatly reduced matrix size and 
allowed for a direct inverse to be used to obtain solutions 
for the fixed effects. To facilitate absorption, records 
were sorted by herd-year-seasons, then cow within herd-
year- seasons. Cow and herd-year-season equations were 
absorbed after the last record contributing to the 
equation had been processed. The following partitioned 
matrix equations can be used to demonstrate how absorption 
was accomplished for equations [7]. 
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"Xp Xp Xp X. Xp Z XJ Y 
x; Xp x; u x; z $4 x; Y 
Z" Xp Z" X4 Z" Z+Ia w Z' Y 
— « — — [ 8 ]  
where 
Xp represents the fixed effects of previous days open, 
previous days dry, and present days open; 
3p represents the solution vector of constant 
estimates for previous days open, previous days dry, 
and present days open; 
Xit,  3 i f ,  Z ,  la, W, and Y are the same as in [7]. 
After all records for a cow were read into the com­
puter, her equations were absorbed into all other effects. 
Absorption was accomplished by applying the following 
matrix operations: 
Xp Xp X; X. 
xc x_ x; X4 
XJ z 
X4 z 
[z'z+la3'i[z' Xp Z'X^ j 
r L 
F^ 
$4 1 J 
Xp y"| _ Txp z"| [ Z -
XC y J  |_xC  z_ 
"Z+Ia]"i[Z' Y ]  
[9] 
This absorption was relatively easy in that Z'Z + la is 
a scalar. After cow equations were absorbed, equations 
[9] are of the form: 
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(XJ Xp)C (XJ X»)C (x; Y)C 
(XC Xp)C (XC Xt)C 64 (XC 
where the superscript c symbolizes that cow effects have 
been absorbed into these partitioned matrices. Equations 
[10] were put in storage and equations [8] were reset to 
zero. The next cow's records were then read into the com­
puter and the cow absorption procedure starts over. When 
this second cow had been absorbed, her absorbed equations 
[10] were added to the absorbed equations [10] from the 
first cow which were in storage. After addition, these 
equations were again put in storage and the next cow was 
read into the computer. Cow absorption continued until the 
last cow from a herd had been read into the computer and 
absorbed. At this point, herd-year-season effects which 
have had cow effects absorbed into them [i.e., (X( Xi»)^ ] 
were absorbed into the remaining fixed effects. The 
absorption was accomplished by applying the following 
matrix operations: 
This absorption was more difficult than cow absorption in 
that [(XC Xn)^ ] has dimension of 20 x 20. Thus a 20 x 20 
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matrix had to be inverted every time herd-year-seasons were 
absorbed. 
Following herd-year-season absorption, equations [11] 
were put into storage, all equations were reset to zero, 
and the first cow from the second herd was read into the 
computer. When equations [11] were built for the second 
herd, they were added to equations [11] from the first 
herd which were in storage. After addition, the equations 
were again put in storage. Equations were reset to zero, 
the first cow from the third herd was read into the com­
puter, and absorption started over again. This continued 
until all data had been read into the computer. 
It was also necessary to absorb cow and herd-year-
season equations into the total sum of squares [Y'Y]. 
Total sum of squares was needed to compute error sum of 
squares. The same basic absorption procedures were 
followed as before. Cow equations were absorbed into total 
sum of squares as follows: 
[Y' Y] - [Y" Z] [Z' Z+Ia]"i [Z" Y] = [(Y" Y)^ ] [12] 
where the superscript c again symbolizes that cow equations 
have been absorbed into the total sum of squares. Herd-
year-season equations were absorbed into total sum of 
squares as follows: 
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[(Y' Y)C] - [(Y' X^):] [(XC XO""]'^ [CXf Y)^] = 
[(Y- Y)*] [13] 
where the superscript * symbolizes that both cow and herd-
year-season effects have been absorbed. 
After herd-year-season and cow effects were absorbed, 
the equations in [7] were reduced in size and are of the 
form: 
(xr Xi)* (Xi X2)* cxr Xz)" TXÎ Y)~ 
(Xz Xi)* (Xz Xz)* (Xz Xs)* Bz = (Xg Y)* 
(X3 Xi)* (X3 Xz)* (X3 X3)* 33 (x; Y)* 
where Xi, Xg, and X3 now represent the absorbed fixed 
effects associated with previous days open, present days 
open, and previous days dry. 
Constraints were imposed on [14]. Constraints were 
chosen such that unique solutions would be obtained for 
the remaining fixed effects (i.e., to make the matrix of 
full rank) and solutions for each of the fixed effects 
summed to zero. Following the addition of constraints, 
the equations can be represented as follows: 
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CXÎ Xi)* (Xi Xz)* (XI Xa)* 1 0 0 Bi (XÎ Y)* 
(X2 Xi)* (Xz X2)* (Xz Xa)* 0 1 0 Bz (Xg Y)* 
(Xg Xi)* (X3 X2)* (x; Xa)* 0 0 1 S3 (X3 Y)* 
1" 0" 0" 0 0 0 0 
0" 1' 0" 0 0 0 0 
0' 0' 1" 0 0 0 0 
where 1 and 0 are vectors of ones and zeros and li, Iz 
I3 are La Grange multipliers for the three imposed' 
constraints. Solutions are obtained as follows: 
Bi (XÎ Xi)* (XÎ Xz)* (XÎ X,)* 1 0 0 -1 (XÎ Y)* 
Bz 
= (X2 Xi)* (Xz Xz)* (Xz X3)* 0 1 0 (Xz Y)* 
Bs (x; xi)* (X3 Xz)* (X3 X3)* 0 0 1 (x; Y)* 
2 i  1' 0 - 0" 0 0 0 0 
0' 1 0" 0 0 0 0 
0' 0 1' 0 0 0 0 
[16] 
where Bi, gg, and Bs are the solutions for the fixed 
effects of previous days open, present days open, and 
previous days dry. When mixed-model equations are solved 
in the manner just described, the solutions for fixed 
effects have the properties of Best Linear Unbiased 
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Estimation (BLUE) as stated by Henderson [1973). Let the 
inverted matrix in [16J. be represented as: 
Cii • C12 Cl3 1 0 0 
C21 C2 2 C2 3 0 1 0 
C31 C3 2 C33 0 0 1 
1' 0' 0" 0 0 0 
0' 1' 0' 0 0 0 
0" 0' 1' 0 0 0 
where and correspond to inverse elements of (X^  X^ )* 
and CX£ Xj)* of [16]. The inverted matrix [17] is used in 
calculating sum of squares and cross-products necessary 
to complete an analysis of variance. Let c^ *^ represent 
that portion of [17] corresponding to c^  ^plus its 
C IT 1 
corresponding constraint equation, i.e. [ ]. The 
1" 8 
reduction sums of squares for each of the three fixed 
effects are found directly as 61(^ 11*)"^  where i = 
1, 2, and 3. Error sum of squares (SSE) is the difference 
between the absorbed total sum of squares [Y' Y]* and the 
reduction sum of squares for the given model (RSSM). RSSM 
are found by multiplying the solution vector by the 
absorbed observation, or right-hand-side (RHS), vector. In 
terms of model [2], 
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SSE = [Y- Y*] - [3i B2 83] (Xr YD* 
(X2 Y)* 
(X3 Y)* [18] 
Mean squares for each effect are found by dividing the sum 
of squares for each effect by the appropriate degrees of 
freedom, and an analysis of variance is completed by the 
usual procedures. 
The analysis of model [2] has been described for a 
model having only one RHS. These procedures are easily 
expanded for models having multiple RHSs by considering 
Y as an observation matrix rather than as an observation 
vector. 
Adjustment Factors 
Nonlinear regression models were fit by least-squares 
to solutions for previous days open, previous days dry, 
and present days open obtained from the analyses of 
models [2] and [3] by using the nonlinear (NLIN) regression 
procedures of the Statistical Analysis System, or SAS 
(SAS, 1982). NLIN will fit weighted segmented models 
where the resulting curve is continuous (i.e., the two 
sections have a common join point) and the curve is smooth 
(i.e. the first derivatives with respect to the observation 
variable are the same at the join point). The user 
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supplies parameter estimates to be used as starting 
values for each of the segmented equations and calculates 
estimated join points based on these parameters and the 
imposed restrictions of continuity and smoothness. Let's 
say a curve is to be fit where the equation is quadratic 
for values of x less than the join point and linear 
for values of x greater than x^ . Symbolically the 
equations are Y = a + b^  + c^  ^if x < x^  and Y = p + q 
(x - XQ) if X > XQ. The continuity requirement is such 
that the starting point, or intercept, for the linear 
segment is equal to the end point of the quadratic 
segment where x = x^ . That is p = a + b^  ^+ c^ ^^ . Since 
this is in essence a new starting point, values of x 
greater than x^  are expressed as deviations; from x^ . 
Hence the linear equation can be written as a+ b^  ^+ c^ ^^  
+ q Cx - x^ ). 
The smoothness restriction requires that the first 
derivatives of the equations with respect to x are equal 
to each other. Thus: 
9 Ca+bx+cx^  = BCp+qxj/B^  b+2cx = q 
X = Cq-b)/2c 
NLIN uses modified Gauss-Newton (Hartley, 1961) interation 
to find the predicted values of y which result in the 
smallest SSE. Let the nonlinear equation be represented 
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as X'F($) = X'y. The interative process begins at some 
point a value A is computed which is used to change 
the vector o£ parameters. For the Gauss-Newton method, 
A = (X'X)"^ X'y where the values of X and y are chosen to 
compute a A such that SSE using C3q + A) is less than 
SSE using If SSE using (Bq + A) is greater than SSE 
using 3^ , then a step-halving process is employed where 
SSE using + .5A), SSE using (3^  + .25A), etc. are 
computed until a smaller SSE is found. The interations 
continue until SSE is minimized. For more detail of 
NLIN, see SAS (1982). 
Predicted y values from the resulting segmented 
curves were used to calculate multiplicative adjustment 
factors. The multiplicative factor for the k— previous 
days open, present days open, or previous days dry group 
was calculated as: 
+ yy) [16] 
where 
Cj, is the multiplicative factor; 
yj^  is the NLIN predicted value for the k— previous 
days open, present days open, or previous days dry 
group; 
y^  is the NLIN predicted value for the 100 to 109 
previous days open group, the 100 to 109 present days 
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open group, and the 60 to 69 previous days dry group. 
These are the groups to which all other groups for 
that effect were adjusted; 
u is the arithmetic mean of 305-day ME FCM, milk, or 
milkfat for all cows in the analyses of models [2] 
or [3]. 
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RESULTS AND DISCUSSION 
Preliminary Analysis 
Thompson et al. (1982) used the same data that were 
used in this research to study the relationship between 
lactation yield and days open in the present lactation. 
They found that days open had a large impact on lactation 
yield and recommended records be adjusted for days open. 
Sanders (1927), Smith and Legates (1962), and Schaeffer 
and Henderson (1972) have reported that the length of the 
preceding dry period affects subsequent yield and Bar-Anan 
and Soller (1979) observed that days open in the previous 
lactation influenced subsequent lactation yield. These 
two effects were not included in the study by Thompson 
et al. (1982). A preliminary analysis was conducted to 
determine if length of days open in first lactation and 
length of dry period between first and second lactation 
had any effect on second lactation yield. The data were 
analyzed using model [1]. Results from this preliminary 
analysis (Table 2) indicate that previous days dry and 
previous days open do affect subsequent lactation yield. 
Age effects were significant, but the interaction of age 
by previous days open was not. Age of first parity cows 
had little bearing on what effect first parity days open 
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Table 2. Preliminary analysis--effect of previous days 
open and previous days dry on lactation yield, 
model [1] 
Source 
Degrees of 
freedom Mean squares F 
Year-season 16 396342564.39 58. 07** 
Age 11 97864735.03 14. 34** 
Previous days open 13 199146461.63 29. 18** 
Previous days dry 13 706265024.18 103. 48** 
Age X prev. days open 143 3952207.62 • 58 
Residual error 42355 6825011.00 
**Significant at the .01 level. 
had on second parity yield. Although this result only per­
tains to first parity cows, it is a preliminary indication 
that the affect of previous days open on milk yield may 
not be dependent on the age of the cow. 
Least-squares solutions for previous days open and 
previous days dry are graphed on Figures 1 and 2. The 
basic trend for previous days open was a linear increase 
in second lactation milk yield as days open in the first 
lactation increased. Solutions for cows open 20 to 39 
days in lactation one were 1079 kg less than solutions for 
cows open 260 to 279 days in lactation one. Cows dry 
from 40 to 69 days gave the most milk in second lactation. 
Longer dry periods were increasingly detrimental to sub­
sequent production, although not as detrimental as very 
short dry periods. 
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Figure 1. Preliminary analysis--least squares solutions 
of fat-corrected milk (FCM) for previous days 
open, model [1] 
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Figure 2. Preliminary analysis--least squares solutions 
of fat-corrected milk (FCM) for previous days 
dry, model [1] 
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Solutions were 1244 kg less for the zero to nine days dry 
class than for the 50 to 59 days dry class. 
Parities One and Two Analysis 
The preliminary analysis was conducted on all cows 
completing a second lactation. Cows which had a first 
lactation but not a second were not included in the data. 
The data were, therefore, selected. Model [2] included 
first parity records in each analysis. Later, more 
selected records could thus be compared with more un-
selected first parity records. Initially three data sets 
were created; 1) all first parity records, 2) all first 
parity records plus second parity records of those cows 
having first parity records, and 3) first and second parity 
records as above plus third parity records of those cows 
having second parity records. The number of records con­
tributing to each ten day interval of previous days open, 
previous days dry and present days open are presented in 
Tables 3, 4, and 5. The intervals containing the most 
observations were 60-69 for previous days open (Table 3), 
50-59 for previous days dry (Table 4) and 70-79 for present 
days open (Table 5). Approximately 80% of the data fell 
into the 40 to 159 days open range for previous and 
present days open and the 30-79 days dry range. 
51 
Table 3. Frequency of observations and per cent of total 
observations for previous days open classes; 
parities one and two and parities one, two, and 
three analyses 
Parities 1 and 2 Parities 1,2, and 5 
Days open No. of % No. of % 
interval observations of total observations of total 
20-29 346 .62 529 .59 
30-39 787 1.41 1277 1.42 
40-49 2460 4.40 3766 4.19 
50-59 4769 8.53 7970 8.87 
60-69 6895 12.34 10984 12.22 
70-79 6386 11.43 10478 11.66 
80-89 5645 10.10 9225 10.26 
90-99 4736 8.48 7773 8.65 
100-109 3907 6.99 6344 7.06 
110-119 3251 5.82 5211 5.80 
120-129 2759 4.94 4362 4.85 
130-139 2174 3.89 3516 3.91 
140-149 1865 3.34 3045 3.39 
150-159 1624 2.91 2535 2.82 
160-169 1292 2.31 2011 2.24 
170-179 1078 1.93 1662 1.85 
180-189 915 1.64 1454 1.62 
190-199 780 1.40 1241 1.38 
200-209 675 1.21 1062 1.18 
210-219 552 .99 854 .95 
220-229 454 .81 729 .81 
230-239 371 .66 572 .64 
240-249 307 .55 463 .52 
250-259 283 .51 421 .47 
260-269 262 .47 382 .42 
270-279 202 .36 300 .33 
280-289 169 .30 249 .28 
290-299 142 .25 213 .24 
300-305 863 1.54 1267 1.41 
TOTAL 55877 100.00 89895 100.00 
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Table 4. Frequency of observations and per cent of total 
observations for previous days dry classes; 
parities one and two and parities one, two, and 
three analyses 
Parities 1 and 2 Parities 1,2, and 5 
Days open No. of % No. of % 
interval observations of total observations of total 
0-9 703 1.26 928 1.03 
10-19 1078 1.93 1456 1.62 
20-29 2622 4.69 3539 3.94 
30-39 6242 11.17 8870 9.87 
40-49 13036 23.33 19146 21.30 
50-59 15762 28.21 24797 27.58 
60-69 8428 15.08 14294 15.90 
70-79 3027 5.42 5871 6.53 
80-89 1690 3.02 3579 3.98 
90-99 1062 1.90 2461 2.74 
100-109 716 1.28 1629 1.81 
110-119 444 .79 1050 1.16 
120-129 334 .60 691 .77 
130-139 212 .38 460 .51 
140-149 122 .22 279 .31 
150-159 86 .15 201 .22 
160-169 66 .12 134 .15 
170-179 64 .11 123 .14 
> 180 183 .34 387 .43 
TOTAL 55877 100.00 89895 100.00 
Table 5. Frequency of observations and per cent of total observations for present 
days open classes; parity one, parities one and two, and parities one, 
two, and three analyses 
Parity 1 Parities 1 and 2 Parities 1,2, and 3 
Days open No. of % No. of % No. of % 
interval observations of total observations of total observations of total 
20-29 430 .51 663 .45 769 .44 
30-39 1006 1.19 1642 1.17 1991 1.14 
40-49 3085 3.66 4765 3.40 5701 3.27 
50-59 5896 6.99 9906 7.06 12250 7.03 
60-69 8520 10.10 13798 9.84 16767 9.62 
70-79 9039 10.72 15206 10.84 18944 10.87 
80-89 7986 9.47 13403 9.56 16629 9.54 
90-99 6882 8.16 11608 8.28 14412 8.27 
100-109 5690 6.75 9493 6.77 11928 6. 85 
110-119 4813 5.71 8011 5.71 10032 5.76 
120-129 4092 4.85 6825 4.87 8524 4.89 
130-139 3423 4.06 5772 4.12 7279 4.18 
140-149 2903 3.44 4981 3.55 6273 3.60 
150-159 2612 3.10 4281 3.05 5355 3.07 
160-169 2163 2.56 3573 2.55 4540 2.61 
170-179 1906 2.26 3110 2.22 3884 2.23 
180-189 1591 1.89 2669 1.90 3357 1.93 
190-195 1394 1.65 2351 1.68 2911 1.67 
200-209 1222 1.45 2056 1.47 2555 1.47 
210-219 1045 1.24 1711 1.22 2121 1.22 
220-229 896 1.06 1484 1.06 1850 1.96 
230-239 762 .90 1264 .90 1626 .93 
240-249 640 .76 1053 .75 1324 .76 
250-259 614 .73 979 .70 1226 .70 
260-269 353 .42 551 .39 673 . 39 
270-279 275 .33 413 .29 489 .28 
280-289 228 .27 335 .24 406 .23 
290-299 169 .20 279 .20 346 .20 
300-305 4721 5.60 8051 5.74 10089 5.79 
TOTAL 84356 100.00 140233 100.00 174251 100.00 
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Much effort was spent in developing computer programs 
to analyze multiparity data using model [2]. The absorp­
tion of both cow and herd-year-season effects into the 
remaining fixed effects required considerable computer 
time. To reduce expense in case of an unforeseen pro­
gramming error, the programs were originally run on only 
the first and second parity data with one RHS, that being 
305-day, ME FCM. Results of this analysis indicate that 
previous days open, previous days dry, and present days 
open all significantly affect 305-day, ME FCM yield 
(Table 6). BLUE solutions (Table 7) for previous days 
Table 6. Sources of variation--effect of previous days 
open, previous days dry, and present days open 
on fat-corrected milk; parities one and two 
analysis, model [2] 
Degrees of 
Source freedom Mean squares F 
Previous days open 28 51602252.31 8.08** 
Previous days dry 18 571096965.80 89.43** 
Present days open 28 617166785.61 96.65** 
Residual 55874 6385770.17 
**Significant at the .01 level. 
open, previous days dry, and present days open are 
depicted graphically in Figures 3, 4, and 5. Solutions 
for previous days open (Figure 3) show a distinct linear 
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Table 7. Best Linear Unbiased Estimate solutions of fat-
corrected milk for previous days open, previous 
days dry, and present days open; parities one and 
two analysis, model [2] 
Days open Days dry 
Prev Près 
Interval Soin (kg) Soin (kg) Interval Soin (kg) 
20-29 -258.94 -817.97 0-9 -1142.85 
30-39 -319.46 -756.23 10-19 -953.57 
40-49 -270.11 -723.02 20-29 -451.31 
50-59 -205.23 -527.96 30-39 -124.29 
60-69 -211.84 -381.85 40-49 96.71 
70-79 -171.63 -239.79 50-59 262.49 
80-89 -121.56 -144.57 60-69 337.35 
90-99 -128.36 -92.29 70-79 269.59 
100-109 -108.88 -64.02 80-89 242.77 
110-119 -27.13 22.56 90-99 309.30 
120-129 -76.87 7.34 100-109 280.02 
130-139 -95.45 29.21 110-119 206.63 
140-149 -43.22 54.96 120-129 146.14 
150-159 16.31 83.70 130-139 -16.04 
160-169 26.78 132.64 140-149 144.87 
170-179 -12.35 142.31 150-159 91.17 
180-189 30.47 112.24 160-169 -136.24 
190-199 135.24 109.31 170-179 211.73 
200-209 118.54 166.52 > 180 225.55 
210-219 175.80 190.52 
220-229 69.43 219.96 
230-239 271.08 199.50 
240-249 157.64 282.07 
250-259 289.77 370.65 
260-269 250.83 386.31 
270-279 170.42 460.47 
280-289 252.87 453.18 
290-299 -27.93 436.53 
300-305 113.79 -112.72 
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Figure 3. Best Linear Unbiased Estimate solutions of fat-
corrected milk (FCM) for previous days open; 
parities one and two analysis, model {2] 
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trend for an increase in milk yield as previous days open 
increases. Solutions are somewhat more erratic for pre­
vious days open greater than 200 days, but there are 
fewer observations in these classes [Table 3). The erratic 
results may be due to small numbers. 
Previous days dry solutions (Figure 4) again show 
that cows having short dry periods of 40 days or less pro­
duce less the next lactation. Solutions for dry periods 
of 70 days or greater exhibit a slow decreasing trend. As 
the numbers of observations per class decrease, as for the 
longer dry periods (Table 4), the solutions behave more 
erratic. This is perhaps due to increased sampling 
variation in these classes as a result of smaller subclass 
numbers. 
The trend for present days open (Figure S) appears to 
be more curvilinear than the trend for previous days open. 
Solutions increase at a fast rate up to approximately 100 
days open, then increase at a slower rate for longer open 
periods. The solutions for the 300-305 present days open 
class appear unusual. This class, however, is a com­
posite grouping. Cows with extensively long dry periods 
are included in this group. There may be reasons other 
than production that cows open this long are retained in 
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the herd. The 300-305 days open solution is probably of 
little value. 
Parities One, Two, and Three Analysis 
After completing the analysis of data for parities 
one and two, third parity data were added to the parities 
one and two data and the data were again analyzed using 
model [2]. Previous studies (Ripley et al. 1970; 
Schaeffer and Henderson, 1972; Auran, 1974; Thompson 
et al. , 1982) have indicated that days open may affect 
milk production differently by parity. These studies, 
however, only analyzed those cows given the opportunity 
to have later parities. Consequently the data were 
selected. The analyses in the present study using model 
[2] included all cows having first parity records. Thus 
later, more selected records could be compared with more 
unselected first parity records. Comparing results from 
the present study after including additional parity data 
indicates whether or not cows respond differently by 
parity to the effects of previous days open, previous days 
dry, and present days open. The analyses in this study 
using model [2] allowed for cows not given the opportunity 
to have later parity records to still contribute to the 
analyses results. 
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Two additional RHS variables were included in the 
parities one, two, and three analysis--305-day, ME milk 
and 305-day, ME milkfat. Solutions for milk and milkfat 
are probably of more value to the dairy industry than just 
FCM only. Results (Table 8) indicate that FCM, milk, and 
milkfat all respond significantly to previous days open, 
previous days dry, and present day open. BLUE solutions 
for previous days open (Table 9) previous days dry (Table 
10) and present days open (Table 11) are represented 
graphically in Figures 6 to 10. Figures 6, 7 and 8 com­
pare FCM solutions from the parities one and two analysis 
with FCM solutions from the parities one, two, and three 
analysis. These comparisons will be discussed first. 
Previous days open solutions (Figure 6) vary slightly 
from each other although the basic trend is definitly the 
same. Including parity three data resulted in solutions 
slightly lower for days open less than 120 days, slightly 
higher for days open greater than 270, and about the same 
for intermediate days open classes. Although standard 
errors of solutions are not listed, the solutions are all 
within two standard error units of each other. 
Present days open solutions (Figure 7) strongly 
suggest that parity does not influence the affect of 
present days open on FCM yield any differently for third 
63 
Table 8. Sources of variation--effect of previous days 
open, previous days dry, and present days open on 
fat-corrected milk (FCM), milk, and milkfat; 
parities one, two, and three analysis, model [2] 
Source 
Degrees of 
freedom Mean squares F 
Prev days open-FCM 28 116593838. 02 22. 71** 
Prev days dry-FCM 18 749536251. 19 146. 03** 
Près days open-FCM 28 811661401. 11 158. 13** 
Residual--FCM 89820 5132841. 14 
Prev days open-milk 28 108369267. 30 19. 38** 
Prev days dry-milk 18 910618083. 68 162. 81** 
Près days open-milk 28 921598213. 13 164. 78 
Residual -milk 89820 5592993. 91 
Prev days open-milkfat 28 169530. 03 21. 49** 
Prev days dry-milkfat 18 883914. 49 112. 03** 
Près days open-milkfat 28 1012348. 82 128. 30** 
Residual -milkfat 89820 7890. 19 
**Significant at the .01 level. 
parity records than for first and second parity records. 
Solutions are essentially the same for the two analyses. 
Previous days dry solutions (Figure 8) are also 
quite consistent between the two analyses and are within 
two standard error units of each other. It appears that, 
as with days open, days dry affects FCM yield about the 
same for third parity records as it does for first and 
second parity records. 
The solution trends for previous days open, present 
days open, and previous days dry for milk (Figure 9) and 
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Table 9. Best Linear Unbiased Estimate solutions of fat-
corrected milk (FCM), milk, and milkfat for 
previous days open; parities one, two, and three 
analysis, model [2] 
Days open Solutions (kg) 
interval FCM Milk Milkfat 
20-29 -324.41 -323.50 -12.04 
30-39 -356.30 -352.92 -13.28 
40-49 -276.88 -279.70 -10.17 
50-59 -266.44 -252.19 -10.25 
60-69 -248.00 -240.99 -9.37 
70-79 -202.80 -189.92 -7.85 
80-89 -148.49 -144.70 -5.60 
90-99 -146.36 -142.31 -5.53 
100-109 -139.05 -121.32 -5.62 
110-119 -72.78 -69.79 -2.78 
120-129 -85.83 -76.36 -3.43 
130-139 -73.93 -68.51 -2.88 
140-149 -33.31 -33.18 -1.24 
150-159 -5.47 13.96 -.72 
160-169 21.55 29.57 .59 
170-179 29.66 22.30 1.29 
180-189 47.38 40.43 1.94 
190-199 122.69 109.90 4.89 
200-209 77.66 74.26 2.97 
210-219 171.05 156.35 6.73 
220-229 135.64 103.26 5.88 
230-239 254.81 249.64 9.58 
240-249 200.78 167.68 8.31 
250-259 291.84 292.61 10.79 
260-269 250.91 272.28 8.72 
270-279 209.91 210.80 7.75 
280-289 296.04 316.94 10.41 
290-299 110.74 126.15 3.69 
300-305 159.38 109.25 7.24 
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Table 10. Best Linear Unbiased Estimate solutions of fat-
corrected milk (FOI) , milk, and milkfat for 
previous days dry; parities one, two, and three 
analysis, model [2] 
Days dry 
interval FCM 
Solution (kg) 
Milk Milkfat 
0-9 -1078.56 -1199.99 -36.71 
10-19 -860.66 -930.08 -30.02 
20-29 -412.21 -435.74 -14.64 
30-39 -161.13 -72.14 -2.79 
40-49 118.22 141.89 3.75 
50-59 254.50 286.85 8.56 
60-69 298.52 332.72 10.15 
70-79 232.24 276.59 7.42 
80-89 208.60 242.14 6.83 
90-99 180.80 228.54 5.43 
100-109 163.41 193.18 5.26 
110-119 152.08 160.97 5.39 
120-129 181.99 195.95 6.37 
130-139 46.15 39.69 1.88 
140-149 217.18 188.94 8.79 
150-159 221.68 211.40 8.48 
160-169 -144.02 -144.38 -5.32 
170-179 107.17 101.38 4.12 
> 180 186.98 182.17 7.05 
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Table 11. Best Linear Unbiased Estimate solutions of fat-
corrected milk (FCM), milk, and milkfat for 
present days open; parities one, two, and three 
analysis, model [2] 
Days open 
interval 
Solutions (kg) 
FCM Milk Milkfat 
20-29 -788.27 -844.02 -27.71 
30-39 -738.31 -799.54 -26.24 
40-49 -700.13 -732.03 -25.08 
50-59 -522.40 -555.20 -18.47 
60-69 -374.49 -403.97 -13.08 
70-79 -240.34 -274.26 -8.00 
80-89 -149.80 -171.70 -4.97 
90-99 -100.26 -122.43 -3.13 
100-109 -62.61 -69.26 -2.14 
110-119 4.38 -6 ; 41 .45 
120-129 -3.47 -5.70 -.07 
130-139 32.96 31.94 1.25 
140-149 5.89 55.10 2.08 
150-159 69.09 76.53 2.36 
160-169 119.79 130.07 4.16 
170-179 117.78 119.43 4.32 
180-189 117.09 134.57 3.87 
190-199 114.82 121.81 4.06 
200-209 151.47 163.37 5.29 
210-219 199.99 218.37 6.92 
220-229 208.12 210.40 7.65 
230-239 203.62 238.32 6.62 
240-249 298.30 313.91 10.63 
250-259 363.38 379.03 13.04 
260-269 367.62 415.38 12.34 
270-279 446.24 485.78 15.47 
280-289 445.53 487.63 15.38 
290-299 472.72 510.62 16.50 
300-305 -108.59 -127.60 -3.52 
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Figure 6. Best Linear Unbiased Estimate solutions of fat-
corrected milk (FCM) for previous days open; 
parities one and two and parities one, two, and 
three analyses, model [2] 
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milkfat (Figure 10) are very similar to the FCM solution 
trends. Each of the three different yield measures seems to 
respond about the same to the effects of previous days dry 
and previous and present days open. 
Results from the parities one, two, and three analysis 
suggest that third parity cows do not respond much, if any, 
differently than first and second parity cows when con­
sidering what effect previous days open, previous days dry, 
and present days open have on measures of lactation yield. 
The decision was made not to analyze fourth or greater 
parity data. Less than 14% of the total of 202, 529 
records were fourth parity or greater. It was decided 
that what additional information might be gained did not 
justify the rather large analysis expense of analyzing 
these additional records, especially considering the 
small difference of results between the parities one and 
two and parities one, two, and three analyses. 
First Parity Analysis 
First parity records were analyzed with model [3] to 
investigate what influence present days open has on the 
lactation yield of 2-year-old cows. First parity cows do 
not have previous days open or previous days dry, so these 
effects were not included in model [3], Measures of yield 
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were 305-day, ME FCM, milk, and milkfat as before. 
Analysis of variance results (Table 12) again indicate 
present days open effects are highly significant. 
Table 12. Least-squares analysis of variance--effect of 
present days open on fat-corrected milk (FCM), 
milk, and milkfat; parity one analysis, model 
[3] 
Degrees of 
Source freedom Mean squares F 
Previous days open-FCM 28 571192918. 11 100. 17** 
Residual -FCM 61233 
Previous days open--mi Ik 28 656895253. 53 99. 73** 
Residual-milk 61233 
Previous days open--milkfat 28 706090, 21 82. 22** 
Residual -milkfat 61233 
**Significant at the .01 level. 
Analyzing first parity data with model [3] yield least 
squares solutions for present days open, as all effects 
except residual are fixed. Random cow effects under model 
[2] now become the residual error component, as each cow 
only has one record. Least-squares solutions are presented 
in Table 13 and are compared with BLUE FCM solutions from 
the analyses of parities one and two and parities one, two, 
and three in Figure 11. Least-squares solutions are com­
pared with BLUE milk and milkfat solutions from the analysis 
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Table 13. Least-squares solutions of fat-corrected milk 
(FCM), milk, and milkfat for present days open; 
parity one analysis, model [3] 
Days open 
interval FCM 
Solutions Ckg) 
Milk Milkfat 
20-29 -785.75 -816.19 -28.29 
30-39 -740.07 -785.20 -26.20 
40-49 -751.04 -793.72 -26.68 
50-59 -513.85 -551.91 -18.02 
60-69 -367.78 -397.30 -12.83 
70-79 -218.59 -260.53 -6.98 
80-89 -145.67 -176.56 -4.57 
90-99 -54.32 -80.31 -1.32 
100-109 -64.48 -84.70 -1.85 
110-119 29.43 20.14 1.34 
120-129 11.41 3.23 .64 
130-139 60.98 45.62 2.67 
140-149 65.99 65.79 2.45 
150-159 85.77 113.59 2.44 
160-169 157.55 165.10 5.63 
170-179 116.91 116.70 4.34 
180-189 92.78 122.36 2.65 
190-199 75.05 75.49 2.77 
200-209 174.05 186.51 6.11 
210-219 119.06 133.33 4.03 
220-229 230.11 221.54 8.75 
230-239 159.74 203.59 4.75 
240-249 321.17 313.20 12.11 
250-259 344.97 382.23 11.78 
260-269 488.58 563.42 16.10 
270-279 339.23 367.94 11.80 
280-289 464.72 494.91 16.41 
290-299 -304.83 -144.79 -15.54 
300-305 608.88 496.52 25.50 
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Figure 11. Solutions of fat-corrected milk (FCM) for 
present days open; parity one analysis, model 
[2]; parities one and two and parities one, 
two, and three analyses, model [2] 
76 
of one, two, and three in Figures 12 and 13. Except for 
some unusual results for the last two days open groups, 
the solutions are remarkable consistent from each analysis 
for all three yield measures. As previously discussed, 
solutions for the last days open class are probably of 
little practical value. The unexpected solution for the 
290 to 299 days open class for first parity can perhaps 
be attributed to smaller numbers (146 observations) in 
this class compared to other classes. 
Present Days Open 
Solutions from the analyses of parity one, parities 
one and two, and parities one, two, and three suggest 
that parity has little influence on how present days open 
affects measures of yield. Ripley et al. (1970), 
Schaeffer and Henderson (1972), Auran (1974), and 
Thompson et al. (1982) all reported that present days 
open did affect yield differently by parity, particularly 
between first and later parities. Each of these studies, 
however, analyzed second and greater parity data 
separately by parity, thus the data were selected. It 
appears that the differences that they observed may have been 
due to cow selectivity differences and not due to parity 
response differences. When all cows were compared to 
first parity cows in the present study, cows responded 
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similarly across parities. Also, fitting these effects 
simultaneously for adjacent records considered the effects 
jointly rather than independently. 
Comparing the results from the preliminary model [1] 
and the multiparity model [2] give a rough estimate of the 
value of including cow effects in model [2]. Solutions 
are compared graphically in Figure 14 for previous days 
open and in Figure 15 for previous days dry. Although 
the solutions follow the same general trend, the selected 
data used in the preliminary model [1] resulted in some 
noticeable differences in the solutions, particularly for 
days dry and for the.longer previous days open classes. 
There is merit in including cow effects in model [2]. 
Theoretically these results should differ, and they do 
differ empirically. 
Since previous studies were îdone separately by 
parity, it is rather difficult to compare later lactation 
results from these previous studies with the later 
lactation results obtained with this present research. 
First parity data, however, should be essentially un-
selected data. A comparison of our results with first 
parity results from previous studies should be valid. 
As stated earlier, Thompson et al. (1982) previously 
analyzed the same data as were used in this present 
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research for the effect of present days open on yield. It 
is still rather difficult to compare the results of 
Thompson et al. (1982) with the results from this study, 
however, in that Thompson et al. (1982) analyzed actual 
milk whereas all yield data were expressed on a ME basis in 
our research. If one assumes that first parity cows 
average about 26 months of age at calving, an average ME 
factor for New York Holstein 2-year-olds would be 
approximately 1.27. If one further assumes that Holstein 
2-year-olds average approximately 3.7% milkfat test, the first 
parity solution difference for 40 and 160 days open in the 
Thompson et al. (1982) study was approximately 1028 kg 
305-day ME FCM. This research yielded values of 908, 856, 
and 820 kg of 305-day, ME FCM from the analyses parity one, 
parities one and two, and parities one, two, and three. 
Part of this difference in the results of Thompson et al. 
(1982) and results from the present study may be due to 
invalid assumptions used in expressing the results of 
Thompson et al. (1982) on a ME FCM basis. Despite this 
difference in results, the overall trend in the solutions 
is very similar. Thompson et al. (1982) also observed a 
rather rapid increase in solutions up to approximately 
100 days open, then a slower increase for longer days open. 
Other researchers have also published the difference in 
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first parity production of 40 versus 160 days open. If 
one again uses the assumptions used in the Thompson et al. 
(1982) examples, this difference in 305-day, ME FCM was 
approximately 1372 kg (Schaeffer and Henderson, 1972), 
1125 kg (Oltenacu et al., 1980), 914 kg (Auran, 1974), 
and 762 kg (Smith and Legates, 1962). The results from 
from this study appear to be somewhat intermediate with 
the results from these other studies. Each of these other 
studies also found the characteristic curvilinear relation­
ship between present days open and lactation yield that 
was observed in these data. 
Previous Days Open 
Bar^ Anan and Spller (1979) reported that yields in 
the following lactation for cows in Israel increased 
linearly over the entire range of previous days open 
classes by about 100 kg additional yield per additional 
month open. Although the linear trend is similar to the 
trend observed in these data for previous days open, the 
magnitude of the yield difference is much larger. 
Bar-Anan and Soller (1979) found a yield difference of 
approximately 932 kg between the 30 to 200 previous days 
open classes for well managed cows. The difference 
observed in these data over the same time span in the 
analysis of parities one, two, and three was 478 kg FCM. 
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The magnitude of the difference in results may be due to 
the way cows are managed in Israel compared to the United 
States, or may be due to a genetic difference between cows 
in the United States and cows in Israel. 
Previous Days Dry 
This study suggests that cows dry 40 days or less 
produce markedly less the following lactation. This is 
in close agreement with an early study by Sanders (1927) 
and with the work of Schaeffer and Henderson (1972). The 
study of Schaeffer and Henderson (1972) found that cows 
dry approximately 60 days produced the most the following 
lactation, again agreeing with the results from this 
study. Schaeffer and Henderson (1972), however, noticed 
a rather sharp decrease in production for cows dry longer 
than 60 days, whereas this study showed only a slight 
decrease for the longer dry periods. 
Heritability of Days Dry 
Hansen (1981) calculated heritability estimates of 
fertility using these data and found the heritability of 
days open was essentially zero. This was in agreement 
with findings of Carmen (1955), Smith and Legates (1962), 
Everett et al. (1966), and Schaeffer and Henderson (1972). 
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Hansen (1981) did not, however, consider days dry in his 
study, so analyses were undertaken in this study to cal­
culate heritability estimates for days dry. Paternal 
half-sib data were used in calculating heritability. 
Sires were required to have daughters in 10 or more herds 
to eliminate sire by herd confounding. This resulting 
data set contained 33,553 records from 322 sires. 
Heritability was estimated as four times the sire 
variance divided by the sire plus error components of 
variance. The data were analyzed using model [4] and 
model [5]. Model [4] included a covariate of 305-day, ME 
FCM whereas model [5] did not. Schaeffer and Henderson 
(1972) reported that cows milking the most had the 
shortest subsequent dry periods. The decision was made 
to include level of milk production in model [4]. Milk 
yield has a heritability of approximately 25%. It was 
anticipated that including milk yield as a covariate would 
remove a large amount of sire variance. Consequently, 
model [5] was used to analyze the same data without milk 
as a covariate to see if milk was indeed removing a 
substantial amount of sire variance. When the data were 
analyzed using model [4], the effect of quadratic days 
open was not significant. Quadratic days open was re­
moved from the model and the data were analyzed again. 
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Analysis of variance results from this analysis are found 
in Table 14. Analysis of variance results from the analysis 
using model [5] are found in Table 15. 
Sire variance did increase slightly when milk was not 
included as a covariate in the analysis. Sire variance was 
4.48 using model [4] and 5.28 using model [5]. Error 
variance, however, also increased a proportionate amount 
when milk was not included in the analysis as a covariate. 
Consequently, the heritability estimates for the two 
analyses were quite similar (6.2% for model [4] versus 6.8% 
for model [5]. These rather low heritability estimates in­
dicate that days dry are primarily a result of management 
and other environmental influences rather than due to any 
large genetic component. 
Partial linear and quadratic regression estimates from 
the model [4] analysis yield the following [approximate) 
prediction equation: 
Days dry = 53.79772-.016764(kg FCM - 7236.27614) 
+ .000001(kg FCM - 7236.27614): 
+ .149868(days open - 115.13213) 
The equation is an approximation in that the intercept is 
the raw mean. Since herd-year-season were absorbed, the 
mean of herd-year-season subclass means for days dry could 
not be attained. As milk production increased 100 kg, 
days dry decreased approximately .15 days. As days open 
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Table 14. Least-squares analysis of variance and 
heritability estimate for days dry with co-
variate for milk production, model [4] 
Source 
Degrees of 
freedom Mean squares F 
Sire* 321 532.28 1. 87** 
305-ME-FCM, lin^  1 143545.77 505. 28** 
305-ME-FCM, quad^  1 81264.12 286. 05** 
Previous days open, lin^  1 1151575.06 4053. 56** 
Residual 20290 284.03 
H^eritability estimate = .0618 ± .0078. 
P^artial linear regression estimate, FCM (kg) = 
-.016764. 
P^artial quadratic regression estimate, FCM (kg) = 
.000001.  
P^artial linear regression estimate, previous days 
open = .149868. 
**Significant at the .01 level. 
88 
Table 15. Least-squares analysis of variance and 
heritability estimate for days dry 
without covariate for milk production, model 
[5] 
Source 
Degrees of 
freedom Mean squares 
Sire* 321 597.00 
Previous days open, lin^  1 40594.43 
Previous days open, quad^  1 2427.61 
Residual 20292 304.40 
1.96** 
133.36** 
7.98** 
H^eritability estimate = .0682 ± .0083. 
P^artial linear regression estimate, previous days 
•open = .105407. 
P^artial quadratic regression estimate, previous days 
open = .000084. 
**Significant at the .01 level. 
increased 10 days, days dry increased approximately 
1.5 days. The regression estimates from the 
model [5] analysis yield the following (approximate) 
prediction equation: 
Days dry = 53.79772+.105407 (days open - 115.13213) 
+.000084 ( days open - 115.13213)^ . 
The raw mean was again used as an approximation of the 
intercept. As days open increased 10 days, days dry in­
creased approximately 1.1 days. 
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An interesting sidelight is that even though the 
partial regression estimates for days open changes little 
between the two analyses, the sum of squares for linear 
days open, model [4] is substantially larger than the sum 
of squares for linear plus quadratic days open, model [5]. 
This is an unexpected result in that the sum of squares for 
days open should remain about the same if days open were 
uncorrelated with yield or should increase in the model 
[5] analysis if days open were correlated with yield. Milk 
yield, days open, and days dry, however, have a somewhat 
unusual relationship with each other if only considered two 
at a time. Schaeffer and Henderson (1972) reported that 
days dry increased as milk production decreased. This is 
in agreement with the results found in this study. This 
study and other studies (Louca and Legates, 1968; Bar-Anan 
and Soller, 1979) observed that days dry also increased as 
days open increased. Therefore, logic dictates that milk 
yield should decrease as days open increase, yet this 
study and many others have shown the opposite to occur 
(Smith and Legates, 1962; Wilton et al., 1967; Schaeffer 
and Henderson, 1972; Olds et al., 1979; Thompson et al., 
1982). The exact relationship between milk yield, days 
open, and days dry is, therefore, difficult to ascertain, 
and the partitioning of sums of squares in an analysis of 
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variance becomes somewhat difficult to predict. The over­
all conclusion remains the same, however. Days dry appears 
to be largely determined by environment rather than by 
genetics. 
Nonlinear Regression Equations 
SAS NLIN procedures were used to fit nonlinear re­
gression models to solutions from models [2] and [3]. NLIN 
requires the user to supply parameter approximations for 
the various regression segments which gives NLIN a starting 
point to work from. NLIN will then determine the non­
linear regression that minimizes residual sum of squares 
under the restrictions that the segments must join and be 
smooth. For this study, the regressions were weighted by 
the number of observations in each days open or days dry 
class. 
The original regression segment estimates were that a 
quadratic regression would best fit previous days open 
solutions, a quadratic joined to a linear at approximately 
100 days would best fit present days open solutions, and 
that a quadratic joined to a quadratic at about 60 days 
and then joined to a linear at about 90 days would best fit 
previous days dry solutions. The resulting weighted NLIN 
equations which minimized residual sum of squares for model 
[2] and model [3] solutions are presented in Table 16. 
Table 16. Nonlinear (NLIN) regression equations used to calculate predicted 
values for previous days open, previous days dry, and present days open 
Model Parity Equation Resulting NLIN 
effect analysis RHS segment regression segments 
Prev DO 1,2 FCM Quad -833.98+7.23X-.01X: 
Prev DO 1,2,3 FCM Quad -955.62+7.95X-.01X2 
Prev DO 1,2,3 Milk Quad -948.71+8.25X-.01X2 
Prev DO 1,2,3 Milkfat Quad -35.5686+.2863X-.0003X2 
Près DO 1 FCM Quad 
Lin 
-3291.86+55.42X-.23X: 
25.54+4.30(X-110.91) 
Près DO 1,2 FCM Quad 
Lin 
-3233.28+53.27X-.22X2 
-30.18+4.80(X-111.17) 
Près DO 1,2,3 FCM Quad 
Lin 
-3152.43+51.98X-.22X2 
-100.47+4.98(X-108.99) 
Près DO 1 Milk Quad 
Lin 
-3352.97+54.23X-.22X2 
-30.86+4.93(X-113.76) 
Près DO 1,2,3 Milk Quad 
Lin 
-3220.92+51.17X-.20X2 
5/62+5.44(X-112.69) 
Près DO 1 Milkfat Quad 
Lin 
-120.518+2.091X-.009X2 
.334+.143(X-108.790) 
Près DO 1,2,3 Milkfat Quad -113.837+1.907X-.008X2 
Lin _ 
Quad K 
-.747+.170(X-108.707) 
Prev DD 1,2 FCM -2859.25+112.03X-.87X2 
Quad 2» 746.12-.9.87(X-65.54) + .06(X-6S.54)^  
*Quad 1 refers to the first quadratic segment. 
Q^uad 2 refers to the second quadratic segment which was joined and smoothed 
to Quad 1. 
Prev DD 1,2,3 
Prev DD 1,2,3 
Prev DD 1,2,3 
FCM Quad 1 
Quad 2 
Lin 
Milk Quad 1 
Quad 2 
Lin 
Milkfat Quad 1 
Quad 2 
Lin 
-2673.89+109.68X-.90X2 
663.27+14.38CX-63.15) + .08(X-63.15)^  
402.21-1.2(X-83.64) 
-2932.75+121.83X-1.01X: 
736.44-10.13(X-62.47)+.04CX-62.47/ 
354.58-.95(X-108.55) 
-92.362+3.758X-.031X2 
21.330-.549(X-63.148)+.003(X-63.148f 
11.050+0.ll(X-84.328) 
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The shortest possible days open period in these data is 
20 days. For days open, the intercept value for the first 
NLIN regression segment is zero days open. Although pre­
dicted days open values for cows with zero previous or 
present days open are of no practical use, the rather 
large negative intercepts exemplify the depressing effect 
extremely short days open intervals have on production, 
particularly present days open. 
NLIN had difficulty fitting previous days dry FCM 
solutions for parities one and two using two quadratic 
segments and a linear segment. In this case, a quadratic 
joined to a quadratic seemed to satisfactorily predict the 
solutions. 
Examples of the resulting weighted NLIN regressions 
for previous days open, present days open, and previous 
days dry are presented in Figures 16, 17 and 18. The 
plotted FCM solutions are from the analysis of parities 
one, two, and three using model [2]. Other NLIN plots are 
not shown, as they are essentially identical to the three 
examples given. 
Multiplicative Adjustment Factors 
Predicted NLIN values were used in calculating 
multiplicative adjustment factors. Previous and present 
94 
3004 
200-
0 100-i 
F -200-i 
-400-1^. 
0 50 100 150 200 250 300 
PREV DATS OPEN ~ FIRST DAT OF INTERVAL 
LEGEND: * * * ANALYSIS SOLN • • • PRED NLIN VALUE 
Figure 16. Nonlinear regression equation of fat-corrected 
milk (FCM) for previous days open; parities 
one, two, and three analysis, model [2] 
95 
500 
* * 
* * 
250 
N -250-4 
-5004 
-750 
* 
/ 
-1000 
T - t  T  t  f f  I  l  I  I - J1  I  I  T- I  I  t  I  t  I  
0 50 100 150 200 250 300 
PRES DATS OPEN — FIRST DAT OF INTERVAL 
LEGEND: * * * ANALYSIS SOLN CDD PRED NLIN VALUE 
Figure 17. Nonlinear regression equation of fat-corrected 
milk (FCM) for present days open; parities 
one, two, and three analysis, model [2] 
96 
* * 
+ 
^  J  n i  m i'« 111111 n  «  11J 11111 TIT t jh i ihih^m mr^ n n  n  m m |  in i h m  |  imi nnji m  m  i t  -1250-
0 20 40 60 80 100 120 140 160 180 
PREV DAYS DRY — FIRST DRY OF INTERVAL 
LEGEND: * * * ANALYSIS SOLN • D • PRED NLIN VALUE 
Figure 18. Nonlinear regression equation of fat-corrected 
milk (FCM) for previous days dry; parities 
one, two, and three analysis, model [2] 
97 
days open factors were standardized to 100-109 days open, 
and previous days dry factors were standardized to 60 to 69 
days dry. Factors are presented in Tables 17 through 20. 
Previous days open factors for ME FCM (Table 17) show 
very little difference between the analyses of parities 
one and two and parities one, two, and three. The factors 
are exactly equal to each other for 18 of the 29 classes, 
and only vary from each other by .01 for the remaining 
classes. It appears that one set of factors could be used 
to adjust records for previous days open. Since the 
analysis of parities one, two, and three contains more 
data, the factors from this analysis are probably pre­
ferred. 
Factors for ME milk and ME milkfat are also presented 
in Table 17. A comparison of these results with the 
ME FCM results strongly suggests that previous days open 
affects each measure of yield about equally. The ME FCM, 
ME milk, and ME milkfat factors in Table 17 never vary by 
more than .01 within any individual previous days open 
class. 
Present days open factors for ME FCM are in Table 18. 
As with previous days open, there seems to be little need 
to have more than one set of factors for present days open. 
The factors for all three analyses are almost identical 
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Table 17. Previous days open multiplicative adjustment 
factors for fat-corrected milk (FCM), milk, and 
milkfat 
Days open Parities 1 and 2 Parities 1,2, and 3— 
interval FCM FCM Milk Milkfat 
20-29 1.03 1.04 1.04 1.04 
30-39 1.03 1.03 1.03 1.03 
40-49 1.02 1.03 1.03 1.03 
50-59 1.02 1.02 1.02 1.02 
60-69 1.01 1.02 1.02 1.02 
70-79 1.01 1.01 1.01 1.01 
80-89 1.01 1.01 1.01 1.01 
90-99 1.00 1.00 1.00 1.00 
100-109 1.00 1.00 1.00 1.00 
110-119 1.00 1.00 1.00 1.00 
120-129 .99 .99 .99 .99 
130-139 .99 .99 .99 .99 
140-149 .99 .99 .99 .99 
150-159 .99 .98 .98 .98 
160-169 .98 .98 .98 .98 
170-179 .98 .98 .98 .98 
180-189 .98 .97 .97 .97 
190-199 .98 .97 .97 .97 
200-209 .97 .97 .97 .97 
210-219 .97 .97 .97 .97 
220-229 .97 .97 .96 .96 
230-239 .97 .96 .96 .96 
240-249 .97 .96 .96 .96 
250-259 .97 .96 .96 .96 
260-269 .96 .96 .96 .95 
270-279 .96 .96 .95 .95 
280-289 .96 .96 .95 .95 
290-299 .96 .95 .95 .95 
300-305 .96 .95 .95 .95 
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Table 18. Present days open multiplicative adjustment 
factors for fat-corrected milk 
Days open Parity Parities Parities 
interval 1 1 and 2 1,2 and 3 
20-29 1.16 1.15 1.15 
30-39 1.13 1.12 1.11 
40-49 1.10 1.09 1.09 
50-59 1.07 1.07 1.06 
60-69 1.05 1.05 1.04 
70-79 1.03 1.03 1.03 
80-89 1.02 1.02 1.02 
90-99 1.01 1.01 1.01 
100-109 1.00 1.00 1.00 
110-119 1.00 1.00 1.00 
120-129 .99 .99 .99 
130-139 .99 .99 .99 
140-149 .99 .99 .99 
150-159 .98 .98 .98 
160-169 .98 .98 .98 
170-179 .98 .98 .98 
180-189 .98 .98 .98 
190-199 .97 .97 .97 
200-209 .97 .97 .97 
210-219 .97 .97 .97 
220-229 .97 .96 .96 
230-239 .96 .96 .96 
240-249 .96 .96 .96 
250-259 .96 .96 .96 
260-268 .96 .95 .95 
270-279 .95 .95 .95 
280-289 .95 .95 .95 
290-299 .95 .94 .94 
300-305 .95 .94 .94 
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Table 19. Present days open multiplicative adjustment 
factors for milk and milkfat 
Days open 
interval Par 1 Par 1,2 § 3 Par 1 Par 1,2 §3 
20-29 1.16 1.15 1.16 1.15 
30-39 1.13 1.11 1.12 1.11 
40-49 1.10 1.09 1.09 1.09 
50-59 1.07 1.06 1.07 1.06 
60-69 1.05 1.05 1.05 1.04 
70-79 1.03 1.03 1.03 1.03 
80-89 1.02 1.02 1.02 1.02 
90-99 1.01 1.01 1.01 1.01 
100-109 1.00 1.00 1.00 1.00 
110-119 1.00 .99 1.00 1.00 
120-129 .99 .99 .99 .99 
130-139 .99 .99 .99 .99 
140-149 .99 .98 .99 .99 
150-159 .98 .98 .99 .98 
160-169 .98 .98 .98 .98 
170-179 .98 .97 .98 .98 
180-189 .97 .97 .98 .98 
190-199 .97 .97 .98 .97 
200-209 .97 .97 .98 .97 
210-219 .97 .96 .97 .97 
220-229 .96 .96 .97 .97 
230-239 .96 .96 .97 .96 
240-249 .96 .95 .97 .96 
250-259 .95 .95 .96 .96 
260-269 .95 .95 .96 .96 
270-279 .95 .94 .96 .95 
280-289 .95 .94 .96 .95 
290-299 .94 .94 .95 .95 
300-305 .94 .94 .95 .94 
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Table 20. Previous days dry multiplicative adjustment 
factors for fat-corrected milk (FCM), milk, and 
milkfat 
Days FCM FCM Milk Milkfat 
dry parities parities parities parities 
interval 1 and 2 1,2 and 3 1,2 and 3 1,2 and 3 
0-9 1.27 1.25 1.27 1.23 
10-19 1.18 1.16 1.18 1.15 
20-29 1.11 1.10 1.11 1.09 
30-39 1.06 1.05 1.06 1.05 
40-49 1.03 1.02 1.02 1.02 
50-59 1.01 1.01 1.01 1.01 
60-69 1.00 1.00 1.00 1.00 
70-79 1.01 1.01 1.00 1.01 
80-89 1.01 1.01 1.01 1.01 
90-99 1.02 1.02 1.02 1.02 
100-109 1.02 1.02 1.02 1.02 
110-119 1.02 1.02 1.02 1.02 
120-129 1.02 1.02 1.02 1.02 
130-139 1.02 1.02 1.02 1.02 
140-149 1.02 1.02 1.02 1.02 
150-159 1.02 1.02 1.03 1.02 
160-169 1.02 1.02 1.03 1.02 
170-179 1.02 1.02 1.03 1.02 
> 180 1.02 1.02 1.03 1.02 
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within each days open class. Factors for ME milk and ME 
milkfat (Table 19) are available for the analysis of 
parity one and parities one, two and three data. The 
results are quite similar and suggest that it is un­
necessary to go back and analyze the parities one and two 
data for milk and milkfat. Factors from the analysis of 
parities one, two, and three are probably adequate to 
adjust ME milk and ME milkfat for present days open. 
Multiplicative factors for previous days dry are 
presented in Table 20. Factors for ME FCM, ME milk and 
ME milkfat are quite consistent with each other and never 
vary by more than .01 for dry periods of 30 days and 
longer. There is slightly more variation between the 
factors for the first three days dry classes, but the 
difference is still never greater than .04. This largest 
difference is for the unusual class of cows having dry 
periods of nine days or less. Days dry adjustment factors 
are never greater than 1.03 for cows with dry periods of 
40 days or longer. As before, factors from the analysis 
of parities one, two, and three are probably preferred. 
Approximately 85% of the dry periods in this analysis were 
40 days or longer (Table 4). Days dry adjustment factors 
would have the largest effect on those few cows which 
received dry periods less than 40 days. 
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Adjustment factors for previous days open have not 
been published in previous studies; therefore, results from 
our study cannot be compared with others. Adjustment 
factors for previous days dry also have not been previously 
published. A concern of previous studies was that since 
heritability estimates for days dry were rather large, days 
dry may be genetically correlated to milk production. Our 
low estimate of heritability for days dry suggests that 
differences in days dry is mostly caused by environment; 
thus, records should be adjusted for days dry. Days dry 
adjustments are only large for very short dry periods. 
Adjustments would be minor for the majority of records. 
Several studies have published adjustment factors for 
present days open. The adjustment factors in this study 
are in close agreement of those computed by Thompson et al. 
(1982) for first parity records using a model that did not 
include summit milk production. Thompson et al. [1982) 
had concluded that including a measure for summit milk 
yield was probably not necessary. The factors by Thompson 
et al. (1982) were slightly lower than the results from 
this study for both short and long days open intervals in 
later parity cows. Thompson et al. (1982), however, 
analyzed the data separately by parity and did not include 
all cows in the analysis. Perhaps this explains the 
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difference between the two results. Multiplicative factors 
developed by Smith and Legates (1962) and Schaeffer and 
Henderson (1972) were generally of greater magnitude than 
the factors developed in this study. 
Schaeffer and Henderson (1972) and Thompson et al. 
(1982) found that sire evaluation was not affected by using 
days open adjusted records. This again suggests that 
there is very little additive genetic variance associated 
with days open. The influence of days dry adjusted 
records on sire evaluation has not been examined. If sire 
evaluations did not change after records were adjusted for 
days dry, this would lend support to the result found in 
this study that days dry is primarily an environmental 
effect. Such an analysis should probably be conducted 
before there is any widespread use of days dry adjustment 
factors. 
Although sire evaluations do not, and hopefully would 
not, change if records are adjusted for previous days 
open, previous days dry, and present days open, genetic 
evaluation of cows, such as USDA cow index and Mid-States 
EATA, could change substantially. Consider the following 
example. Cows A and B are of equal genetic merit. Be­
cause of differences in previous days open, previous days 
dry, and present days open, cow A produces more milk than 
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cow B. Since cows presently are not adjusted for these 
environmental effects, this difference is interpreted as 
a genetic difference and as such is incorporated into these 
cows' genetic indexes. Thus cow A would have a higher 
genetic index than cow B, even though the cows are of equal 
genetic merit. Multiplicative adjustment factors, however, 
would remove the environmental effects of previous days 
open, previous days dry, and present days open. After 
adjusting the records, cows A and B would have equal 
records, and their cow indexes would now be the same. 
A few examples of what influence the multiplicative 
adjustment factors developed in this study would have 
on a 20,000 pound ME milk record are presented in Table 21. 
Table 21. Examples of using previous days open, previous 
days dry, and present days open multiplicative 
adjustment factors on a 20,000 pound mature 
equivalent milk record 
Prev Adj Prev Adj Près Adj Adjusted 
Cow DO factor DD factor DO factor record 
A 100 1.00 60 1.00 100 1.00 20,000 
B 85 1.01 70 1.00 85 1.02 20,604 
C 125 .99 90 1.02 105 1.00 19,994 
D 50 1.02 30 1.06 50 1.06 22,921 
E 300 .95 180 1.03 300 .94 18,202 
The first three examples are examples of what would 
probably be called "normal" days dry and days open inter­
vals. Although the last two examples are more extreme. 
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they demonstrate what effect present days open, previous 
days open, and previous days dry have on lactation milk 
yield. By not adjusting for these effects, we are not 
doing the best job of identifying a cow's true genetic 
merit. 
Schaeffer et al. (1973) calculated multipli­
cative adjustment factors for present days open for each 
of the five major dairy breeds in the United States. They 
found that the only main difference between breed adjust­
ment factors was that the Holstein adjustment factors had 
smaller sampling variance. They concluded that Holstein 
factors could probably be used for all breeds. Although 
the adjustment factors from this study were calculated 
with Holstein data only, the findings of Schaeffer 
et al. fl973") suggest that the factors developed in our 
study could be used for other breeds as well. Using these 
factors to adjust breeds other than Holstein for the 
effects of previous days open, previous days dry and 
present days open would be better than not adjusting at 
all. 
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SUMMARY AND CONCLUSIONS 
Data were analyzed to investigate the influence of 
previous days open, previous days dry, and present days 
open on measures of lactation yield. Measures of yield 
were FCM, milk, and milkfat adjusted to a 305-day ME basis. 
All previous records on a cow were included in the analyses, 
and incomplete repeatability of cows' records were accounted 
for by adding to the diagonal element of the cow 
equations. The effects of previous days open, previous 
days dry, and present days open were fit in the models 
simultaneously. 
Previous days open, previous days dry, and present 
days open all significantly affected measures of lactation 
yield. As previous and present days open increased, 
lactation milk yield increased. Present days open had a 
larger affect on lactation yield than previous days open. 
Cows dry approximately two months gave the most milk the 
following lactation. Cows with dry periods of 40 days or 
less produced much less their next lactation. Dry periods 
of 80 days and greater were only moderately detrimental to 
subsequent lactation yield. All three measures of yield 
responded similarly to the effects of previous days open, 
previous days dry, and present days open. 
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First parity, first and second parities, and first, 
second, and third parities data were used to analyze 305-
day, ME FCM records. Analyses' results changed very little 
when additional parity information was included. First 
parity and first, second, and third parities data were 
used to analyze 305-day, ME milk and milkfat records. 
Results again changed very little when additional parity 
information was included. Although 305-day, ME milk and 
milkfat records were not analyzed for first and second 
parities data, the consistency of previous results for 
different parities data and for different measures of yield 
suggests that the additional analysis is unnecessary. 
Previous research studies have indicated that days open 
affects lactation yield differently by parity. The largest 
difference has been observed between first and second 
parity and has usually been attributed to greater per­
sistency in first parity cows. Since not all two-year-olds 
are allowed to complete later lactations, it is difficult 
to ascertain if the observed difference is actually due to 
greater persistency in first parity cows, or due to a 
selected group of cows that comprise the data for later 
parity analyses. Results from this study indicate that 
previous days open, present days open, and previous days 
dry do not affect lactation yield differently by parity 
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when the effects are fit simultaneously and later lactation 
records are compared with more unselected first parity 
records. 
Heritability estimates for days dry were approximately 
six per cent. This is much lower than most previous 
studies. If heritability for days dry is, in fact, this 
low, adjusting lactation yield records for days dry is 
warranted, as days dry would be largely determined by 
environmental influences. 
To maximize genetic progress, environmental influences 
which limit the accuracy of selection need to be 
eliminated, if possible. Multiplicative adjustment factors 
were computed to adjust measures of lactation yield for 
the largely environmental affects of previous days open, 
previous days dry, and present days open. Multiplicative 
factors were almost identical for the various parity 
analyses. Factors developed from the analysis of parities 
one, two, and three are probably the preferred factors to 
use since more data were involved in computing them. The 
largest adjustments would result in records having short 
previous days dry or short present days open. Adjustment 
factors would probably have their largest impact on cow 
genetic evaluation. 
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Multiplicative factors were developed using Holstein 
data. Research by Schaeffer et al. (1973) has indicated, 
however, that Holstein adjustment factors are adequate in 
adjusting non-Holstein data. Using Holstein adjustment 
factors to adjust records for breeds other than Holstein 
would probably be preferred to not adjusting records at all. 
The data were analyzed using data from northeastern 
United States. There is no evidence at this time to 
suggest that the factors developed in this study are not 
appropriate for other regions. Until additional research 
suggests elsewise, these factors can probably be used for 
all regions of the United States and, again, would be 
better than no adjustment at all for the effects of previous 
days open, present days open, and previous days dry. 
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